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ABSTRACT

The abillty to rapidly provide a visual representation
of a problem set, its accompanying environment, and the vari-
ables that directly Impact the analysis is of enormous value
to the weapons analyst. Parametrlc, filrst-principle tools
are directly and immediately usable by the analyst to repre-
sent the systems under Investigation and the effects on those
systems by the weapons under analysis. The three tools
described, GEOREP, 3-AXIS, and G_RANGE, provide these visual,
analytic tools directly to the analyst on personal computer
workstations. The simplicity and rapidity with which these
tools may be used are especially beneficial to weapons
analysts dealing with complex phenomena such as EMP. The
potential flexiblllty of these representational tools |is
shown through examples of notional weapons applications. Use
of GEOREP, 3-AXIS, and G_RANGE, which augment, rather than
supplant, complex weapons effects physics codes, can help
provide the necessary, cost-effectlve guldance for making
decislors on detailed case studies,

INTRODUCTION

The analysis of electromagnetic pulse (EMP) effects requires the
synthesis of two basic types ot iInformation: weapon system charac-
terlstics and target environment. The Informatlon resi-es In a
varfety ot formats: published reports, official memoranda, open
l{terature, electronlc databases, and maps. Reduction, assimilation,
and representation of this materlal for useful analysils remains a
major task. Thils paper describes three spacially orfented tools for
computer perronal workstatlons that were desipgned to assist analysts
In representing EMP eftfecty In the target environment. All tools were
develeped at Los Alamos Natlonal Laboratory by analysts In the

Military Systems zroup., The objectives In thefr development were net
) %Y .
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just to provide tocls for usable, hands-on analytical support, but to
provide inherent flexibility for rapid iteration through paramerric
scenario changes.

Personal workstations are becoming more avallable to all levels
of users. The ability to rapidly provide a visual representation of a
problem set, its accompanying environment, and the variables that
directly impact the analysis is of enormous value to the weapons
analyst. His or her efforts are directed at the problem and its solu-
tion, not at trying to make the problem fit the available tools.
Parametric, first-principle tools are therefore directly ard im-
mediately usable by the analyst to represent target systems under
investigation and the effects upon those systems by the weapons under
analysls. Workstations are providing personial-scale computing to
users who previously had to learn obscure computer operating systems

working through slow "on-line" terminals.

GEOREP
The first tool, GEOREP, runs on any class of IBM PC or compatible
microcomputer. [t provides a geocentric projection of a spherical

carth wlth accurate map projection of points, areas, gcographic fea-
tures, and boundaries. Flgure 1 shows the GEOREP start-up screen.
The user-interactive representation may be actively scaled from
greater than 20,000 km to less than 1 km with the same positional ac-
curacy. The view provided the analyst is equivalent to a globe, and
the user may move the viewpolut over the surface at wlll, placing the
center of the screen at any deslred latitude and longltude.

GEOREP dlsplays provide a 159 latlitude and longlitude line grid,
an outline of continents and majJor islands, and a sulte of lcons.
Flgure 2 shows Europe with the eastern bhorduer of the Yederal Republlc
of Germany (represented with small squares); twe major NATO milltavy
areas of concern, Mons and leldelberg (rectangles),; the western
Furopean citles of London and West Berlin (triangles); aud the eastern
European cltles of Budapest, Warsaw, and Moscow (carets; ). SHAPE
Headquarters at Mouns ls Lldentifled. Speclfle oblecty, Lncluding polnt
and area targets and weapon offects laydowns may be dlyplayed, moved,

and placed ag deslred on the peosphere. The program will accommodate



additional databases as desired (e.g, a detailed road map of West

Germany) .

3-AXIS

The second tool, 3-AXIS, is built using the DISSPLA graphics sub-
system and runs on any personal workstation supporting DISSPLA and
FORTRAN. 3-AXIS is designed for three variable ccmbination data, al-
lowing analysts to plot any combination of significant parameters.
The data are displayed in a three-dimensioral format that permits the
user to designate axes’' labels and units as required. Within the
plotted space, the user can "zoom" in to a portlon of the graph or
rotate areas of varylng viewpoints. This greatly aids the perception
of the various parametric combinations. Examples of types of
parametric combinations that may be plotted include the following:
energy vs frequency range for electromagnetic radiation propagation,
altitude vs time vs range for missile performance, and an "Xx-y" range
plot vs altitude for an aircraft’s operational envelope.

Figure 3 Is a three-dimensional representaticn of a portion of
the Information contained in Fig. 11.73, page 538, of The Effects of
Nuclear Weapons, 3rd Edition, by famuel Glasstone and Philip J. Dolan.
Computer contours ara shown for the maximum peak electric field (Emax)
and various fractions of Emax for varying burst altitudes out to the

llne-of-sight horlizon from the weapon detonation.

G_RANGE

Origlnally prototyped on a Hewlett-Packnrd 15C hand-held cal-
culator, thils analytical tool calculates line-of-sight ground range
from height-of-burst (HOB) to a target. The tool also will calcula:e
a compounded line-of-sight ground range from the detonation point
(HOB) to an object at altitude. Figures 4 and 5 show examples of the
use of G_RANGE for both earth-based and airborne targets. It calcu-
lates ground range for either true line-of-sight or the farther,
refraction-induced "radar horizon." An extended version is presently
belng developed to calculate llne-of-sight distance for nontangent
phenomena, do multiple unit converslons and be dlrectly accesslble by
GEOREP.



The remainder of the paper will focus on an example analytical
case for the illustration of these tools. Octher potential applica-

tions areas of interest to NATO analysts will also be described.

EXAMPLE

For our example framework, we will assume a high-altitude nuclear
nercursor EMP attack on SHAPE Headquarters. GEOREP, 3-AXIS, and
G_RANGE representations will be provided for applicable analytical

areas, including the following:

- EMP effects environment,

- effects on areas of NATO ground and air C2/C3 forces,
- hardness degradation,

- effects of intentional hardening, aud

- a simple excursion from the basic example scenario.

It should be noted that this example 1is notional: {t uses
generic weapons effects as defined above, and scenario elements are
derived from elementary descriptions of NATO assets as included in
Zones of Conflict, by John Keegan and Andrew Wheatcroft. With respect
to weapons effects pheriomena, lmportant characteristics such as field
strength (E) and frequency (f) are handled parametrically. For these
representations, proportional values (e.g., "0.50 Emax" and “Emax")
are used, the intent here Ils to illustrate the abllity of the tools to
describe many potential attributes of weapons effects phenomena and
target characteristics with straighrforward flex.bility. For example
purposes, an arbitrary assumption of 0.75 Emax has been chosen to rep-
resent a "lethal" EMP level on target systems. Actual values are
dependent upon complex Iinteraction phenomenology between weapon-
induced EMP environments and the response(s) of any target item,

The geographical context of the example EMP weapon laydown is 11-
luscrated In Flg. 2. Included in thls view of Europe, the western
Mediterranean, and a portlion of the northern Atlantic are the Inner
German Border, SHAPL Headquarters at Mons, London, Heldelburg, Berilin,
Warsnaw, aund Budapest. This GEOREP plot {s centared to 48°30' N,



12930’ E, and the scale has been reduced from 13,000 km in the start-
up screen to 5,000 km.

This nrea will have applied to it a high-altitude EMP laydown
with a f:eld strength mapping as shown in Fig. 3. This 3-AXIS three-
dimensional plot is derived directly from Fig. 11.73, Glasstone and
Dolan, and depicts the EMP environment in the area to the east and
south of the designated ground zero (DGZ), or detonation point for the
attack. This flgure represents a nuclear detonation with the follow-

ing parameters:

- HOB: 100 km
- Weapon yield: 500 kt

The vertical axis is field strength, E, and the base plane repre-
sents range values to the east (right) and south (left) in kilnmeters.
(Unless noted otherwise, solid lires are used in this and further 3-
AXIS plots to represent the levels of E greater than or equal to 0.75
Emax') The orientation of the south axis 1s along magnetic south, a
point that is significant for accurate geographic mapping of an EMP
weapon’'s DGZ for any specific target. Figure 6 is a view of the same
data rotated to look parallel to the vertical axis. The principal
target area (within the maximum field) and the offset DGZ may be iden-
tified and scaled for further usage.

3J-AXIS 1is readily employed to represent other aspects of EMP
rhenomena, as is shown In Fig. 7. Here, E is represented on the ver-
tical axls agaln, with tha right-uand axis used for frequency and the
left for range along the south magnetic ray. (Note that a simllar
mapping could be done for other rays as desired.) Such a repre-
sentation allows the analyst to examine complex interaction of
variables from different perspectives as desired. A unique feature of
this plot 1is shown in the lower left: the limited dotted reglon rep-
resenty the low-frequency portion of high-altitude EMP which may carry
past the line-of-sight horizon (sections 10.92 and 11./2, Glassgtone
and Dolan).

The basic example problem of a high-altitude laydown on SHAPE
Headquarters ls displayed geographlically in Fig. 8. 1In this GEOREP



plot, the basic EMP parameters of Emax [rl], 0.75 E_ .. (rz], and 0.5
E ax [r3] are displayed in circle format. The radii used here are
taken directly from Figs. 3 and 7, with the DGZ placed on a north mag-
netic ray through Mons, Belzium. It should be noted that, for this
case, the circularly derived representation (the shaded area, or 120°
of the rl-to-r2
strength from Fig. 7 to wicthin about 10%. The high field strength

torus) approximates the "smile" area of high fleld

areas are shown here using GEOREP's dotted line feature, and the line-
of -sight horizon for the HOB is represented by the solid circle.
(Horizon radii used throughout this example are line-of-sight; "radar
horizon" radii, based upcn a four-third’s earth curvature approxima-
tion, can be obtained from G_RANGE for use instead 1f appropriate.)

For the example problem, Fig. 8 shows a baseline threat repre-
sentation to NATO ground C2/C3 assets. C_RANGE ls used to calculate
exposure radil for alrborne assets, as is shown in Fig. 9. 1In this
case, total ground ranges are shown for aircraft at 5000 ft [ral and
35000 ft [r5]. Figure 10 adds these radii to those previously dis-
played. EMP line-of-sight exposure to alrcraft thus extends
significantly the total area of concern for NATO forces.

As can be seen from the iforegoing, the potential EMP environment
from a single high-altitude laydown could pose significant pr-hlems
for NATO's efforts to protect 1ts CZ/CJ assets. GEOREP, 3-AXIS, and
G_RANGE were designed to aid the analyst in generating variations on
baseline or representative cases readily. Figures 1l and 12 display
the result of degradation in hardness that equates to a lethality

level lowered to 0.6 Ema Similarly, Figures 13 and 14 represent the

result of intentional ha:dening of NATO systems to the 0.9 Emax level.
Simple usage of representational aids In this manner assists the
analyst in making rapld and dlstinct discriminations among parametric
excursions, while providing a ready format for visual display of key
problem elements.

Analyslis of complex weapors effects such as EMP often requires
modiflcatlons to entire scenarios., Since such modifications are
usually done in a parametric fashlon, the ability to represent an en-
tire suite of parameters togethet through variations is valuable.
Figure 15 ls the GEOREP represuntation of the alteration of one hase



parameter in our example, the DGZ. Here the same EMP fields are rep-
resented as in the first case (dotted lines represent the initial DGZ;
solid lines, the new one). The change in coverage of NATO ground as-

sets can then be contrasted as follows:

- the threat to NATO's Central Europe forces is decreased;

- the exposure of Warsaw Pact and Soviet operating areas is
decreased; but

- the new DGZ still maintains "lethal" coverage of SHAPE

Headquarters.

OTHER NATO-RELATED APPLICATIONS AREAS

The base example discussed here has concentrated on NATO’s
principal area of interest for EMP hardening. However, there are
other major NATO operational areas in which EMP targeting by Soviet
Union/Warsaw Pact forces may be a critical concern; in all, GEOREP, 3-
AXIS, and G_RANGE are useful analytical tools. Figure 16 encapsulates
four such areas of interest for NATO operations, showing line-of-sight

horizens for representative threat scenarioc (HOB equals 100 km):

- UK Alr,

- Mediterranean C2.

- far norch operations areas (e.g., the Norwegian Sea; Northern
Canada), and

- attack warning/attack assessment.

CONCLUSIONS

As stated {nitially, the intent here has been to display the
potential flexibility of representational tools designed for use by
weapons analysts. Since one does not have the freedom to perform
lengthy and expensive physics calculations without reasonable jus-
tification, the simplicity, and rapidity with which such tools may be
used 13 especially beneficlal to weapons analysts dealing with complex
phenomena such as EMP. The use of GEOREP, 3-AXIS, and G_RANGE, which

augment, rather than supplant, complex weapons effects physics codes,



can help provide the necessary, cost-effective guidance for making

decisions on detailed case studies.
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Fig. 2.
NATO Area of Interest.

Fig. 1.
GEOREP Start-Up Screen.
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Fig. 9.
Direct Exposure to
Aircraft at Altitude
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Fig. 10.
EMP Attack, Including
Aircraft Exposure.
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Fig. 15.
Alteration to the Weapon
| Detonation Point.




UK Air Mediterranean C2

Far North Operations Attack Warning/Attack Assessment

Fig. 16.
Other NATO-Related Applications Areas.



